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ABSTRACT
Possible links between the clinical signs and
symptoms of acute otitis media and the compo-
sition of the nasopharyngeal ﬂora were investi-
gated by reviewing the ﬁles of 1807 children
enrolled in four randomised, multicentre trials. A
standard protocol was used, nasopharyngeal
samples were cultured, and signs and symptoms
were recorded. Carriage of Haemophilus inﬂuenzae
was associated positively with conjunctivitis (OR
4.83, 95% CI 3.76–6.20) and negatively with fever
(OR 0.69, 95% CI 0.56–0.86). Carriage of pneu-
mococci was associated positively with fever (OR
1.32, 95% CI 1.08–1.63) and negatively with
conjunctivitis (OR 0.50, 95% CI 0.40–0.63).
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Various bacteria and viruses have been document-
ed as pathogens in cases of acute otitis media
(AOM). Previous reports suggest that the clinical
characteristics of AOM may help to predict the
bacterial pathogen(s) present in middle ear ﬂuid.
In particular, Streptococcus pneumoniae is associ-
ated with higher fever, more severe earache, and
more frequent sequelae and complications, while
Haemophilus inﬂuenzae is associated with less
severe AOM and with conjunctivitis [1–4]. As
the onset of bacterial AOM appears to require
initial nasopharyngeal colonisation by the homol-
ogous strain, the present study investigated the
composition of the nasopharyngeal ﬂora of AOM
patients according to their demographical char-
acteristics and clinical signs and symptoms [5].
Using a standardised protocol, four successive
randomised trials were used to compare several
antibiotic regimens for the treatment of AOM. The
methods have been described in detail elsewhere
[6–8] and the protocols were approved by the
Saint Germain en Laye Hospital Ethics Commit-
tee. Written informed consent was obtained from
parents or guardians. The study populations
comprised children of both genders, aged from
4 months to 4 years, with newly diagnosed AOM.
Diagnostic criteria for AOM included the
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Paradise algorithm for acute suppurative otitis
media (effusion plus marked redness or marked
bulging, or moderate redness and bulging) asso-
ciated with fever and ⁄ or otalgia and ⁄ or irritability
[9]. Patients were not eligible if they had received
antibiotic treatment within the 7 days preceding
enrolment.
Upon inclusion, the patients were sampled to
identify bacterial pathogens colonising the naso-
pharyngeal niche. Nasopharyngeal specimens
were taken with cotton-tipped wire swabs and
transported to a central bacteriology laboratory
on selective transport medium at ambient tem-
perature. All specimens were cultured aerobically
on blood and chocolate agar in air with CO2 10%
v ⁄ v. A second blood agar plate was incubated
anaerobically. Isolates were identiﬁed using
standard microbiological methods [8].
Information gathered at study entry included
gender, age, history of day care and AOM, and
clinical symptoms and signs of AOM (thoroughly
documented in the four trials). Data were ana-
lysed using Statview II (SAS Inc., Chicago, IL,
USA) to compare frequencies and perform chi-
square tests, and Intercooled STATA 8 (Stata Corp.,
College Station, TX, USA) to perform multivariate
analyses. The inﬂuence of attendance at a day care
centre (DCC), conjunctivitis, fever, otalgia or
irritability, history of AOM, gender, year, season
and age on nasopharyngeal colonisation were
analysed with logistic regression models.
Between October 1993 and June 2000, 1807
children with AOM were enrolled in four studies
conducted by 83 French paediatricians who had
been trained to conduct clinical trials involving
AOM. In total, 53.7% of the children were
boys; 89.3% were aged < 24 months (median age
12.8 months, mean 14.6 ± 7.6 months); 436
(24.1%) children attended a DCC, 530 (29.4%)
were cared for by childminders and 841
(46.5%) were kept at home. Fever (> 38C; median
38.5C, mean 38.6 ± 0.6C) was recorded in 1217
(67.3%) cases, earache or irritability in 1304 (83%)
cases, and conjunctivitis in 436 (24.1%) cases.
Table 1 shows the carriage rates of S. pneumo-
niae, H. inﬂuenzae and Moraxella catarrhalis,
grouped according to demographical and clinical
characteristics. At least one of these pathogens
was isolated from the nasopharyngeal niche of
1607 patients; 661 patients carried only one
Table 1. Carriage of Streptococcus
pneumoniae, Haemophilus inﬂuenzae
and Moraxella catarrhalis according
to clinical characteristics
S. pneumoniae H. inﬂuenzae M. catarrhalis
n (%) n (%) n (%)
Overall population (n = 1807) 1047 (57.9) 849 (46.9) 939 (51.9)
Otitis-prone children
Yes (n = 212) 124 (58.5) 111 (52.3) 114 (53.8)
No (n = 1593) 923 (57.9) 738 (46.3) 769 (51.7)
p 0.9 0.09 0.1
OR (95% CI) 1.01 (0.75–1.37) 1.11 (0.81–1.50) 0.96 (0.72–1.29)
Day care
DCC (n = 436) 298 (68.3) 261 (59.9) 264 (60.5)
Childminder (n = 530) 288 (54.3) 226 (42.6) 264 (49.8)
Home (n = 841) 461 (54.8) 362 (43.1) 411 (48.9)
p < 0.0001 < 0.0001 0.0002
OR (95% CI) 2.02 (1.58–2.58) 1.73 (1.36–2.21) 1.45 (1.15–1.83)
Fever
‡ 38.5C (n = 671) 434 (64.7) 277 (41.3) 371 (55.3)
‡ 38C and £ 38.4C (n = 545) 308 (56.5) 252 (46.2) 285 (52.3)
No (n = 591) 305 (51.6) 320 (54.1) 283 (47.9)
p < 0.0001 < 0.0001 0.03
OR (95% CI) 1.32 (1.08–1.63) 0.69 (0.56–0.86) 1.16 (0.95–1.43)
Otalgia or irritabilitya
Yes (n = 1304) 740 (56.7) 614 (47.1) 645 (49.5)
No (n = 267) 156 (58.4) 122 (45.7) 150 (56.2)
p 0.6 0.7 0.04
OR (95% CI) 0.94 (0.85–1.04) 0.96 (0.87–1.06) 0.86 (0.79–0.95)
Conjunctivitis
Yes (n = 436) 203 (46.6) 330 (75.7) 220 (50.5)
No (n = 1371) 844 (61.6) 519 (37.8) 719 (52.4)
p < 0.0001 < 0.0001 0.5
OR (95% CI) 0.50 (0.40–0.63) 4.83 (3.76–6.20) 0.92 (0.74–1.15)
a Not determined for 236 children.
DCC, day care centre.
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species, 668 patients carried two species, and 278
patients carried three species. Logistic regression
analysis showed that pneumococcal carriage was
associated positively with fever (OR 1.32, 95% CI
1.08–1.63) and DCC attendance (OR 2.02, 95% CI
1.58–2.58), and negatively with conjunctivitis (OR
0.50, 95% CI 0.40–0.63). Carriage of H. inﬂuenzae
was associated positively with conjunctivitis (OR
4.83, 95% CI 3.76–6.20) and DCC attendance (OR
1.73, 95% CI 1.36–2.21), and negatively with fever
(OR 0.69, 95% CI 0.56–0.86). Carriage of M.
catarrhalis was associated positively with DCC
attendance (OR 1.45, 95% CI 1.15–1.83), and
negatively with otalgia and irritability (OR 0.86,
95% CI 0.79–0.95). Multiple carriage was more
frequent among patients attending a DCC (OR
2.36, CI 1.86–2.99) and among patients with
conjunctivitis (OR 1.31, 95% CI 1.05–1.65).
The microbial ecology of the nasopharyngeal
niche is highly complex. Colonisation rates vary
throughout the world and are inﬂuenced by
environmental factors such as DCC attendance.
In a previous study, acute respiratory illness, and
particularly AOM, increased the rate of colonisa-
tion by AOM-causing bacteria [10]. The correla-
tions found in the present study are in keeping
with the results of studies based on middle ear
ﬂuid culture [1–3]. Only one study failed to show
a correlation between clinical symptoms and the
bacteriological aetiology of AOM [11].
To our knowledge, the present study is the ﬁrst
to show a signiﬁcant link between the composi-
tion of the nasopharyngeal ﬂora and the charac-
teristics of patients with AOM. Nasopharyngeal
samples were used because they are easy to
obtain, painless, non-traumatic, and also because
they have considerable epidemiological value,
particularly for monitoring antibiotic resistance
among bacterial species involved in AOM. How-
ever, because the causative bacteria of AOM often
grow alongside other organisms in nasopharyn-
geal cultures, this type of sample has poor
positive predictive value for the causative agent
and is not recommended in clinical practice [5,12].
Colonisation by potential pathogens is generally
symptomless, but can act as a springboard for
local or even systemic infection. Indirectly, the
present results support the view that the onset of
AOM requires initial nasopharyngeal colonisation
by the homologous species [13,14].
Populations with high rates of S. pneumoniae or
H. inﬂuenzae carriage are particularly valuable for
studying the impact of vaccination programmes
and antibiotic treatment. The present results
suggest that enrolment of AOM patients with
fever, but not conjunctivitis, could reduce the
number of subjects needed to demonstrate the
impact of pneumococcal conjugate vaccines or
antibiotics on carriage of S. pneumoniae. Likewise,
studies of the impact of future vaccines against
non-typeable H. inﬂuenzae in the nasopharyngeal
ﬂora should focus on AOM patients with con-
junctivitis but not fever.
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ABSTRACT
This study investigated the utility of an immuno-
chromatographic test (ICT) for the detection of
Streptococcus pneumoniae antigens in pleural ﬂuid.
Antigen was detected in 15 of 19 (79%) patients
with pneumococcal pneumonia. The ICT was
always negative in patients with non-pneumo-
coccal pneumonia, but was positive in three cases
with a non-infectious aetiology. In patients with
pneumonia for which no pathogen was identiﬁed,
antigen was detected in one of 24 pleural ﬂuids
tested. The ICT can be a valuable tool for the
management of pneumonia because it can detect
pneumococcal antigen in pleural effusion sam-
ples.
Keywords Antigen detection, immunochromato-
graphic test, pleural ﬂuid, pneumococcal pneumonia,
Streptococcus pneumoniae
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Community-acquired pneumonia is a signiﬁcant
cause of morbidity and mortality, with the most
common aetiological agent in virtually all studies
being Streptococcus pneumoniae [1,2]. A deﬁnite
diagnosis of pneumococcal pneumonia requires
the isolation of S. pneumoniae from blood, pleural
ﬂuid effusions, trans-tracheal aspirate, trans-thor-
acic aspirate or samples obtained by protected
brush. However, blood and pleural ﬂuid cultures
are positive in only 30% of cases, and invasive
samples are not routinely or indiscriminately
performed because they require trained personnel
and may have adverse effects.
According to the guidelines of the Infectious
Diseases Society of America [1] and the American
Thoracic Society [2], any signiﬁcant pleural effu-
sion should be sampled to rule out the possibility
of empyema or complicated parapneumonic effu-
sion. Pleural ﬂuid examination should include
Gram’s stain and bacterial culture. However, the
diagnostic accuracy of these techniques may be
reduced by various factors, including preceding
antibiotic therapy. A rapid and accurate detection
method for pneumococcal antigen in pleural ﬂuid
effusions would therefore be most useful. Poly-
saccharide capsular antigen detection methods,
i.e., agglutination tests and counter-immunoelect-
rophoresis (CIE), have been used for antigen
detection in respiratory and other samples [3],
including pleural effusions [4]. An immunochro-
matographic test (ICT) (NOW Streptococcus pneu-
moniae Antigen Test; Binax, Portland, ME, USA)
has been developed to detect C polysaccharide
antigen (PnC) in urine samples [5,6]. The aim of
the present study was to determine the utility of
the ICT for the detection of S. pneumoniae-speciﬁc
antigens in pleural effusions.
In total, 91 pleural ﬂuid samples were included
in the study. Patients and samples were classiﬁed
into four groups: group 1 included 19 parapneu-
monic pleural ﬂuids from 16 patients (nine male
and seven female; mean age 54.26 years, range
18–91 years) who were diagnosed with pneumo-
coccal pneumonia; group 2 included seven para-
pneumonic pleural effusions from six patients
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